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(54) SLIDING BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Bi system 
material furnished with fatigue resistance and 
conformability required as an overlay for a sliding 
bearing of an internal combustion engine. 
SOLUTION: Relative X-ray diffraction intensity l[hkl], that 
is, l[hkl]=K(hkl)/ K(012) of a ratio K(hkl) of X-ray 
diffraction intensity on a {hkl} plane against a ratio K 
(012) of X-ray diffraction intensity on a {012} surface 
satisfies conditions (a) and (b) by expressing a ratio of X- 
ray diffraction intensity Ro/t(hkl) of a {hkl} surface of Bi 
crystal constituting an overlay layer to X-ray diffraction 
intensity Rp(hkl) of the {hkl} surface of the Bi crystal 
constituting a powder standard sample to be random 
orientation as K(hkl)=Ro/t(hkl)/Rp(hkl). (a) 0.2I[012]<I 
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[hkl]<5l[012]. (b) a plane {hkl} to satisfy 0.5l[012]<l[hkl]<2l[hkl] exists in more than three 
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(54) SUDING BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Bi system material 
furnished with fatigue resistance and conformability required as an 
overlay for a sliding bearing of an internal combustion engine. 
SOLUTION: Relative X-ray diffraction intensity I[hkl], that is, I[hkl]=K 
(hkl)/ K(012) of a ratio K(hkl) of X-ray diffraction intensity on a {hkl} 
plane against a ratio K(012) of X-ray diffraction intensity on a (012) 
surface satisfies conditions (a) and (b) by expressing a ratio of X-ray 
diffraction intensity Ro/t(hkl) of a (hkl} surface of Bi crystal 
constituting an overlay layer to X-ray diffraction intensity Rp(hkl) of 
the {hkl} surface of the Bi crystal constituting a powder standard 
sample to be random orientation as K(hkl)=Ro/t(hkl)/Rp(hkl). (a) 0.21 
[012]<I[hkl]<5I[012]. (b) a plane {hkl} to satisfy 0.5I[012]<I[hkl]<2I[hkl] 
exists in more than three orientations. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the plain bearing in which the overlay layer which consists of Bi or a Bi alloy layer, 
without minding through a barrier layer on lining was formed. The ratio of X diffraction RO/L (hkl) of 
the {hkl} side of Bi crystal which constitutes said overlay layer to the X diffraction reinforcement Rp 
(hkl) of the {hkl} side of Bi crystal which constitutes the powder standard sample used as random 
orientation on the strength Relative X diffraction on-the-strength [ of the ratio K (hkl) of the X 
diffraction reinforcement in the {hkl} side / as opposed to / express K(hkl) =RO/L (hkl)/Rp (hkl), and / 
the ratio K of the X diffraction reinforcement in {012} sides (012) ] I [hkl] (012), i.e., I[hkl] =K(hkl)/K, 
The plain bearing characterized by satisfying ****** conditions (a) and (b). 

(a) The relative X diffraction reinforcement (I [hkl]) of the crystal faces other than {012} sides is 0.2 to 
5 times (0.2I[012] <=I [hkl] <=5I [012]) the I [012]. 

(b) Three or more bearings (hkl) of fields with which the relative X diffraction reinforcement (I [hkl]) of 
the crystal faces other than {012} sides is satisfied of 0.5 or more time 2 double less or equal (0.5I[012] 
<=I [hkl] <=2I [hkl]) of I [012] exist. 

[Claim 2] The plain bearing according to claim 1 whose Miller indices of the crystal faces other than the 
aforementioned {012} sides are {104}, {110}, and {202} sides. 

[Claim 3] The plain bearing according to claim 2 whose Miller indices of the crystal faces other than the 
aforementioned {012} sides are {015}, {113}, {116}, {107}, {122}, {214}, and {300} further. 
[Claim 4] A plain bearing given [ to claims 1-3 said whose Bi(s) or Bi alloy layers is an electroplating 
layer ] in any 1 term. 

[Claim 5] The plain bearing according to claim 4 characterized by the magnitude of the crystal grain of 
said Bi or Bi alloy plating being 10 micrometers or less. 

[Claim 6] A plain bearing given [ to claims 1-5 whose thickness of said overlay layer is 2-20 
micrometers ] in any 1 term. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention consists of an elasticity alloy-plating 
layer, without bearing metal minding [ which will be called lining of a kelmet an aluminium alloy, etc. if 
it states in more detail ] through barrier layers, such as nickel plating, about a plain bearing, and relates 
to the plain bearing in which the overlay layer which demonstrates concordance nature was formed. 
[0002] 

[Description of the Prior Art] The above-mentioned plain bearing is used mainly for the journal section 
of an internal combustion engine's crankshaft, and a connecting rod large end, and Pb alloy is mainly 
used as an elasticity alloy, and Sn alloy is used for the part. About overlay of Pb system alloy, 
amelioration of one person's presentation to these people (German patent official report No. 3000379), 
amelioration (JP,8-20893,A) of crystal orientation, etc. have been developed. 
[0003] 

[Problem(s) to be Solved by the Invention] Since Pb is an environmental pollutant, abolition of use or 
reduction of the amount used is called for. There is development of a direction considered as overlay as 
a coat which combined TORAIBO ingredients, such as MoS2, by resin as development for abolition of 
Pb use. Moreover, there is a Cu-Ag system alloy which does not need overlay as these one people 
especially proposed in the Europe patent public presentation official report 0795693 A2. By the way, 
although Bi is a low-melt point point metal like Pb, it is more firmly [ than Pb ] weak. That is, although 
Pb is Hv 0.2= 5 about a degree of hardness, Bi is Hv 0.2= 10. Under the effect of hydrogen absorption 
etc., hardness serves as Hv 0.2**20 by Bi to Hv 0.2= 10 with electroplating used abundantly by overlay 
at Pb. Since it has such a property, conventionally, Bi is used for the core of the solder using a low-melt 
point point property, or mold, a semiconductor material, an electronic ingredient, material for optical 
recording (for example, JP,4-51742,A), a magnet ingredient (Mn-Bi magnet), etc., and is not used as a 
sliding ingredient with which fatigue resistance and concordance nature are demanded. Lessons was 
taken from the approach this invention person uses Bi as alternate material of Pb since the corrosion 
resistance in the inside of an acidic solution is superior to Pb and there is no toxicity like Pb, and it 
inquired wholeheartedly. Namely, the purpose of this invention discovers Bi system ingredient equipped 
with the fatigue resistance which is needed as overlay, and concordance nature, and aims at offering the 
plain bearing excellent in the property. 
[0004] 

It is means] in order to solve [technical problem. By controlling the orientation of Bi crystal, the 
property in which Bi system overlay was hard and this invention person was weak found out that it was 
mitigable by extent which does not become a problem, and completed this invention. Namely, this 
invention is the plain bearing in which the overlay layer which consists of Bi or a Bi alloy layer, without 
minding through a barrier layer on lining was formed. The ratio of X diffraction RO/L (hkl) of the {hkl} 
side of Bi crystal of said overlay layer on the strength to the X diffraction reinforcement Rp (hkl) of the 
{hkl} side of Bi crystal of the powder standard substance used as random orientation It expresses K(hkl) 
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=RO/L (hkl)/Rp (hkl). I [hkl] (012), i.e., I[hkl] =K(hkl)/K, the relative X diffraction reinforcement of the 
ratio K (hkl) of the X diffraction reinforcement in the {hkl} side over the ratio K of the X diffraction 
reinforcement in {012} sides (012) the following conditions (a) and (b) The plain bearing characterized 
by being sufficient is offered. 

(a) The relative X diffraction reinforcement (I [hkl]) of the crystal faces other than {012} sides is 0.2 to 
5 times (0.2I[012] <=I [hkl] <=5I [012]) the I [012]. 

(b) Three or more bearings (hkl) of fields with which the relative X diffraction reinforcement (I [hkl]) of 
the crystal faces other than {012} sides is satisfied of 0.5 or more time 2 double less or equal (0.5I[012] 
<=I [hkl] <=2I [hkl]) of I [012] exist. 

[0005] Hereafter, the reason for limitation of this invention is explained. Bi is a rhombohedron crystal 
equivalent to being hexagonal. Generally, hexagonal Miller indices are expressed with 4 figures (h, k, i, 
1). h, k, and i express the characteristic of al, a2, and a3 shaft here, respectively, and 1 expresses the 
characteristic of a c-axis. However, since the relation of h+k=-i is materialized as Bi crystal, i is omitted 
and it expresses with 3 figures of (hkl). Bi or Bi alloy layer (except explanation of these presentations, it 
is named "Bi layer" genetically) of this invention has the middle orientation of the orientation of perfect 
random orientation and a specific one direction like a single crystal like detailed powder. 
[0006] Moreover, a stacking tendency is evaluated as follows. First, like powder, it asks for the X 
diffraction reinforcement Rp (hkl) of Bi crystal each field of perfect random orientation, similarly X 
diffraction RO/L (hkl) of Bi crystal each field of overlay on the strength is calculated, and these ratio K 
(hkl) -RO/L (hkl)/Rp (hkl) is calculated. Then, if it becomes K(hkl) >1, knowledge that the field (hkl) 
of Bi crystal of overlay is carrying out orientation will be acquired. Next, if the lattice plane of Bi crystal 
which asks for K (hkl) is made into {012} sides and fields (hkl) other than {012} sides and this size is 
calculated as ratio I[hkl] =K(hkl)/K (012) Supposing I[hkl] **0 is obtained, it will become {012} single 
crystals, and if I[hkl] »0 is obtained (hkl), knowledge that orientation is strongly carried out to a field 
will be acquired. Moreover, like a detailed powder sample, since it is K(012) = 1 and K(hkl) = 1 when 
orientation has not been carried out at random [ Bi crystal ] and completely, I [hkl] is set to 1 about all 
(hkl) fields. That is, in some the field bearings, when I[hkl] =1 has field bearing which becomes except 
one, completely, random orientation does not become, but is carrying out specific orientation and turns 
into random orientation about an omnidirection for it to be I[hkl] =1 . In this invention, since a property 
was not excellent, overlay of the single crystal and perfect random orientation used as I[hkl] **0 was 
excepted, and it has also excepted the strong orientation to a specific field so that it may state below 
further. 

[0007] I [hkl] is compared with I (012) in conditions (a) and (b). On the other hand, if only K (hkl) 
estimates orientation by setting up condition K(hkl) >=n, for example, it will become difficult to 
regulate orientation extent of other fields to TORAIBO property top important {012} side. So, on 
conditions (a), 0.2I[012] <=I[hkl] <=5I [012] and reinforcement are restricted to the fixed range on the 
basis of {012} sides. On the other hand, I[hkl] <0.2 The orientation of fields other than {012} sides 
becomes it strong that it is I [012], and the orientation of [012] sides becomes it strong that it is I[hkl] 
>5I [012], and the engine performance as overlay is excellent in neither of the cases. It is 0.5I[012] <=I 
[hkl] <=2I [012], and when at least Mikata specifies the number of field bearing which carries out 
priority orientation by the reinforcement of 2 double less or equal 0.5 or more times to I [012] like the 
(b) conditions in addition to the above-mentioned (a) conditions as the above, he is trying to control 
preferably the orientation where more than is as superfluous as Mikata besides {012} sides. Thus, by 
satisfying (a) and (b), the brittleness which is also as that of Bi is conquerable. 
[0008] The field which regulates the diffraction reinforcement by the X-ray per bearing of Bi crystal 
layer formed by electroplating which plating conditions were changed and formed them can control the 
brittleness and hardness of Bi crystal nearly completely by considering as the third page, {104}, {110}, 
and {202}. Here, since X diffraction reinforcement is high compared with other fields, {104}, {110}, 
and {202} sides are controllable by making this third page applicable to regulation. Therefore, it asks for 
I [hkl] about {104}, {110}, and {202}, and is made to satisfy the relational expression of the above (a) 
and (b). 
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[0009] In almost all cases, a desired property can be acquired by regulating X diffraction reinforcement 
per above-mentioned third page bearing, but a desired property can be acquired much more certainly by 
satisfying the above-mentioned relational expression (a) and (b) also about {015}, {1 13}, {202}, {107}, 
{116}, {122}, {214}, and {300}. 

[0010] As for the crystal grain of Bi plating, it is desirable that it is 10 micrometers or less, and it is 5 
micrometers or less more preferably. If crystal grain exceeds 10 micrometers, fatigue resistance falls and 
it is not desirable as overlay. Moreover, the thickness of overlay is 2-20 micrometers preferably, and is 
5-12 micrometers more preferably. 

[001 1] Overlay may be Bi alloy, and if an alloy element is carried out, it can make Sn, In, Sb, etc. 
contain 5 or less % of the weight in a total amount in this invention. Although these addition 
components are well-known as an addition component of Pb system overlay, in Bi system alloy, it 
contributes to concordance nature and the improvement in an antiseizure property. However, if it adds 
5% of the weight or more, a low-melt point point will be formed and the engine performance will fall. 
Cu system or aluminum system plain bearing alloy, and nickel barrier are well-known in itself, and 
especially this invention cannot restrain it and can adopt a wide range thing. 
[0012] In order to control orientation as mentioned above, it is desirable to adopt the following Bi 
electroplating conditions, for example. 

** methansulfonic acid bath A bath presentation: - methansulfonic acid; - 1. 50-250ml / Whenever 
[ 50-250ml / // 1. / and beta-naphthol:0.5-50g //l. / bath temperature ] Methansulfonic acid bismuth : :25 
degree-C current density: 0.5 -5.0 A/dm2** methansulfonic acid ** B bath presentation:methansulfonic 
acid;50-200ml/L, Whenever [ 50-250ml I II II and polyoxyethylene nonylphenyl ether:0.5-50g III I bath 
temperature ] Methansulfonic acid bismuth : :25 degree-C current density:0.5-5.0 A/dm2** sulfuric-acid 
**** presentation: sulfuric-acid; 5 0-120ml/l., Bismuth nitrate: Two or less :25 degree-C current 
density :0.5 - 5.0 A/dm and an example explain this invention in more detail whenever [ 5-30g / //, 
polyoxyethylene nonylphenyl ether:0.5-50g/l. / 1. /, and bath temperature ]. 
[0013] 

[Example] The plain bearing prepared in the example explained below is the thing of the following 
structures. 

Back plate: Steel plate (1mm in SPCC, thickness) 

Plain bearing: Cu-Sn-Ag alloy (Europe patent public presentation official report 0795693 AL) 
nickel barrier: Pure Bi with an overlay: thickness of 6 micrometers which is not used [0014] The test 
condition was as follows. 

Testing machine: Reciprocation load test machine (refer to drawing 1 ) 
Sliding velocity : 6.6m (refer to 3000rpm and drawing 2 )/second 
Bearing pressure: Load gradual increase (refer to drawing 2 ) 

bearing dimension: ~ phi42 mmxwl7mm shaft quality-of-the-material: - S55C (hardening) 
lubricating oil kind: - 7.5W-30SE oil supply temperature: - 120-degree-C test time: - 25h [0015] In 
drawing 1 which shows a reciprocation load test machine, the bearing to which 1 holds trial bearing and 
2 holds a shaft 4, the shaft a connecting rod and whose 4 are partner shafts as for 3, and 4a are oil supply 
ways. In addition, it equipped with the trial bearing 1 and a shaft 4 so that it might become per piece. In 
this trial, fatigue occurs that early concordance nature is poor, and even if initial concordance nature is 
good, a judgment result that the material property of the overlay [ itself ] results in printing easily with it 
being poor can be obtained. 

[0016] I [hkl] which carried out the X diffraction (Cuk alpha rays) of Bi plating layer and Bi powder of 
examples 1-3 and the examples 4-6 of a comparison, and asked for them is shown in drawing 3 (Table 
1). Therefore, the diffraction reinforcement of a field equivalent (024) to a field (012) is shown by the 
ratio to the former. In this case, although set to I[024] =1 [012] at a crystallography target, the diffraction 
reinforcement of a high order Miller-indices side is I[024] <=I [012] under the effect of the penetration 
depth of an X-ray etc. for tending to appear low etc. The following is known when the result of Table 1 
is examined bearing these facts in mind. 

(b) The example of an example or a comparison is not perfect random bearing, either, and is not a single 
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crystal, either. 

(b) Although bearing (104) is carrying out orientation of the example 5 of a comparison to 5.22 strongly, 
it does not have such strong orientation in the examples 1-3. 

(c) In the example 4 of a comparison, since I [104], I [1 13], I [202], I [116], I [122], and I [214] are very 
small, the orientation of {012} is strong relatively. Although I [104] and I [300] are over 5 times to I 
[012] in the example 5 of a comparison, the reinforcement of other fields is low and priority orientation 
of this plating layer is carried out to two field bearings, {104} and {300}. 

(d) Examples 1-3 have satisfied the above-mentioned conditions (a) and (b). That is, since the 
orientation to a specific field is not very strong, (a) is satisfied, the number of the priority orientation 
sides by (b) is also still as more suitable as three or more, and it turns out that only the field of specific 
bearing has not carried out priority orientation. In addition, although the reinforcement of {012 (012)} is 
calculated as 1 in Table 1, the same result is obtained even if it calculates reinforcement [ being 
equivalent (024) ] as 1. 

[0017] The plating surface organization of an example 1 was shown in drawing 4 , the X diffraction Fig. 
(drawing before the conversion on the basis of powder reinforcement) was shown in drawing 5 , and the 
plating surface organization of the example 4 of a comparison was shown in drawing 6 , and the X 
diffraction Fig. (drawing before the conversion on the basis of powder reinforcement) was shown in 
drawing 7 , and the plating surface organization of the example 6 of a comparison was shown in drawing 
8 . For the example 1, 2.8 micrometers and the example 4 of a comparison were [ 5.8 micrometers and 
the example 6 of a comparison of the diameter of crystal grain of a plating layer ] 10.6 micrometers. The 
result of a trial is shown in drawing 3 (Table 1) and drawing 9 . In addition, the example of a 
comparison of Pb system overlay (Snl0% and Inl0% of example is shown) in ordinary use is shown in 
drawing 9 as criteria of fatigue incidence-rate evaluation. The examples 1-3 of this invention excel the 
examples 4-6 of a comparison in fatigue resistance and an antiseizure property, and it is clearer than 
these drawings that its it is the engine performance equivalent to Pb system overlay. 
[0018] . 

[Effect of the Invention] As explained above, according to this invention, Bi is used as overlay, and 
substituting for the conventional Pb system overlay is expected. 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of a reciprocation load test machine. 
[Drawing 2] It is the graph which shows the test pattern of a reciprocation load test machine. 
[Drawing 3] It is the graph (Table 1) showing the test result of the mirror indices of crystal plane of the 
plating layer in an example and the example of a comparison, the diameter of crystal grain, and a 
bearing test specimen. 

[Drawing 4] It is the photograph in which the plating surface organization of an example 1 is shown. 
[Drawing 5] It is the X diffraction image of the plating layer of an example 1 . 
[Drawing 6] It is the photograph in which the plating surface organization of the example 4 of a 
comparison is shown. 

[Drawing 7] It is the X diffraction image of the plating layer of the example 4 of a comparison. 
[Drawing 8] It is the photograph in which the plating surface organization of the example 6 of a 
comparison is shown. 

[Drawing 9] It is the graph which shows the fatigue incidence rate of an example and the example of a 
comparison. 

[Translation done.] 
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[fS^JS 2 J file { 0 1 2 } BWOlS&fficO 5 9- 

ig&a* <io4}, uio>&iM202} mvhz> 
nxmitmn-r* owe. 

3 ] 1*16 < 0 1 2 } Bl^Otir ABO S7- 
{0 15} , (113), {116}, 
{107}, <122> , 1214) 3ttH30 0> T 
**»«q|2l200f^9W«. 

m#m4 } mzs i xiiB i it&m<ms&>-o zm 
x-h h ifrt>3$ x'<r>mu)* i m m^-r^ 9 $* 

[«*« 5 ] UieB i Xli B i § <TM&W> 

[fft#Jf6] 1triejj--Alx-f®<7)iI$^2-2 0Mm 

-t'*> & »#« i *« 5 £ -co wui> i juaeo-r^ 9 « 

[000 1 ] 

H /I£Jgj£L£-f^9«igKIW-5rs tor** . 
10002) 

i«3iw)a«) ±ietft^ outfit 

fflSft. -UtziiSn^&t/mmZi-LX^h. Pb^ 



ft ( M 0 0 0 3 7 9#) ^ARl^iX 

ft (^¥8-2 08 9 3^) &fc'<9|?B&£LT#*:. 
[0003] 

TV>$. Pb®R<om±cofi:ib?>ffi&k LTliMoS, 

RMff*£ga&f8 0 7 9 5 6 9 3 A 2 THyfS Ufc i 9 K 
#Kjr-v\'W$r^fc L^t^Cu-Agl^ib. 
* . fc £ -5 T-B i <±P b t PHRfCflatM&JtTtt £*\ 
PbJ:9S<* 1 oli^. -t&ip^lSiJgfcRLTtePbli 
Hv 0 . 2 = 5T*>£#. BlttHv u = 10T*i. * 

T". S$JiPb-CHv 0>2 =10^fCBiT{iHv 
o.,*20i:£S. £ <0<k 5 $H4S£ B i 

^. ftfe&tm (WitfWWP 

4-5 1742-t) , ™<Mn-B ifflGB) *fc' 

Itomi: LTI*ttJli3*rOvSr». #5feBJ#ti, b Hi 
iH4$fc+twW£ttttPb£9-f<*fvCfc9. 2rt:P 
b<9«k 3 CfftefiflfrbifciM:. P b<Dft§««fc Ltffi 

m*h*mi<zi$mm9&ft'>K.. -t%h*>. *m\ 
«oaw«, *-Ai/>f k ix&&iz%&fm&mxftc 

l*&iffi*-fzB i*««t5ftfl.L. Wb^^CWtf 
[0004] 

[^SiM^-r^^t^S] *^#«iB i 

•TS Z t iz X. 9 RStc^r^^v %S*S -CK$l}«r# 4 £ 

J±, 5-f-y^±»^<i;7Ji*/t-LX(i^$-fCB I X 
l±B i-^®i9^:*^-''<M^2r^Lfc-r^9$4 
Se-CJb-jT, 5^^Sffi)i:=5r*S)3{^^5S^Bie 
9 V) { h k 1 } ®<7>Xjg[sIifi$iii£R p (hkl) ^cJtf 
SfJIB^-^^^SOB i^ B B aO {hkl) 
tff^SRo/i, (hkl) Oit^S", K ( h k 1 ) =R 0/L 

(hk 1 ) /Rp (hk 1 ) tmtoL. < 0 1 2 } ®f 
t0X»III*f3S«<0ib*K (012) IZfttZ (hkl) 
®T-«0X|8IlI»f^S<7)lt*K (hkl) Offl»XHlHl*f 
5*S^ I (hki) • -T^ibfe I („„!] =K(hkl)/K 

(012) A<Tie^ft ( a ) tJil/ ( b ) ZXJ&i-ZZ 

( a ) {0121 MlMco2iikM0m*tX&®mi8. 
( I(kkU > **I(oi2)^0. 2~5fS(0. 21(0.2) 
^ I Ihk2) ^5 I (o i2 J ) T'fti>. 

( b ) (012) WMj>Hvmiim<ottMx.U®ifm& 
(I[hk.))* f I t0 i2)O0. 5etLh2^WT (0. 5 
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I (0lt ,& I Ckk i] sS2 Icmiij ) (hk 

t o o o s ) wt. xmomzm&zmw-b . b i 

55-f§St»4(h. k. i. I ) ?>4ttfi:X'm2tlZ. 
ZZX'h, k. i It-ttlftla-x, a,. a 3 $U«9*£Sc£ 
5LbU HicfScOjgSJai?-f. {BLh + k = -iO 
ra^Bi^-Cli^iL-r&cOT. i***U (hk 
1 ) 03»t^-ca*>t. *&9I<9B i t U<ttB i 

[ 0 0 0 6 ] * tz . Kfltttt&OJ: 5 fclffiBl" & . £-f 
^5v^BEi*]«B iJS«F 8 #fficox® 
@ff3tSRp (hk 1 ) |Blt<xr-^V>f<OB 
i^a«-HcoX|Rig*f?4SR 0/t (hk 1 ) £ 
iXfeWit^K ( h k 1 ) =R 0/ a ( h k 1 ) /Rp ( h 
k 1 ) ift&tb. tbbK (hk 1 ) >l%t>\£*- 

COB i &&<0 ( h k 1 ) Wff&fll LX^b b 
fttf'fthtlb. (hk 1 ) £#«>&B i 

<0 12> ffifc. (0 12)®^«O(hk 1 ) 
BfcU C*fcfc**Jt#Iuiaj = K (hk 1 )/K 

( o 1 2 ) k Lxn&tz t.mzi Ukl , = 0#&4> 

ti/^^tf (01 2} #^t^rO, l(,,xi]»0* { 
»fe<tfe4rfeHf (hk 1 ) E£3aKIE(*)LTV>S t^fll 
!i><f#&ft6. ttMffi*tt8tf>J:3te, B itgft 
tfy>S2*X'i> OSS^teiifl LT^3r^*£(iK ( o 1 
2 ) • l . k < h k i > = i xhb<ox\ -r^xn ( h 
k 1 ) thhaJ *< Itc5r4. t&fc^ 

onrarttrii i t huj = irt lfcw-fcfciw&ito* 

Z>i8r&lt%£l l Z7>yj>.&ftblt%k-r. ^OElSJ* 
LTfcO. ±^Co^TI thk i) = lT'S>2.t9vr 
AEfltefr*. *&m'»ii ( hkij=0fcfr*4M*ftfc 

l&tt U - § btzV.T&<b X o tzfttiM^crm^Eift i> 

mmx^b. 

[00 073 ^PM a) , ( b ) izti^X I (hui k I 
c«, I )*Jtttl/C^&. ZtllZftL. mx-H&ftK (h 
k 1 ) ^nZI&mtbZkizX^X. K(hkl)^ 
"CfflflfcSWW* t , h94 XmiJM* 10 12) 

vx wmwmtwz. zm\?b - 1 u < * 

S. ZZX\ fkW (a) T'fcL 0. 2 I ( oiJ]SI(hki] 
g 5 I (012 ) fcSMtfc < 0 1 2 ! SSrSi&k LT-*R 
ffltcgJEf 4. dflt^LT I (h ki3<0. 2 I(oi2] 
T'&Sk < 0 1 2 > ffil^l^)ffl<0S(SJ#®<^ , 3. ttz 
I[hKH>5 I«i, tJ t'^St(01 2)ffi<?)i2isj*^< ; 5r 
0, Wti<r>®£Xi>*-Jl\'-< t LT<7)tt^i-r<'ix=Sr 
v\»iK«. 0. 5I lm ,£I (hl a,S2 I t oi!) 
c-« 9 . ±E ( a ) JWMcaoiT ( b ) £f*<0«fc 3 C I 
, o , n (C» LT 0 . 5 tefcLt 2 fgUTO^£-C-g5tiII*] 



< 0 1 2 } HJjtfMc t> H^fiLiilhWiSfiKrEt*] 
6J:-3fcUTV>6. Z0)X5(z (a) fcitf (b) 
B.-tbZklZX'TZ. B i<0t,oToSS)eSS:^5-f^ 

[0008] »-3#*ft*Sffc**TJB«Lfc«JW>-9 
$ Taw? ix* B i MMoarttfco * X«C J: ^» BMf 

««*J!Bi!ir*iHtt. (104). uio>ai^<2 

0 2><r>=Bt-r5C:i:«J:0, *JB3S££B if&Htf) 
lfi$2ttfl8S?:SII«-t*ii;**T§6. (10 
4). ( 1 1 0} &tH 2 0 2 ) Mis ffi^B^it^X 

umx-% b . Ltz#~>x i thkl j it i i o 4 > , (ii 

0 } fttf ( 2 0 2 I |c-5l»T«K>JJE ( a ) fcJ:tf 

( b ) <mm.iffi&tb x o iz-tb . 

[0009] ±ie<0=ffi2fffiCO& X«III9fSftK^«M 

(015), (1 13). (202}, 
<107> . (116) . (122> . (214} . 
(300) ISOfrVCfcJJEPMK (a) . (b>2:gt£ 

■r * z b iz x o -Jiwncwa«>ttitft»6 - 1 

[ 0 0 1 0 3 B i fto #«*SJWWi 1 0 ^ m&TX-bb 
;tmL<, J:9#4 L<tt5jumiaT"C**. IS 
at&# 1 0 jum ^jSi. b kWUm&WEF i, . 

<t±2-2 0^mT'* l 5, i 0JF4 L<(i5 ~1 2/xm 

[00113 JWKBt:*iv»-C«. (4B i -g^ 

■C*->TfcJ:<. -fr*7ai8LT[*Sn. In. Sbftif 
fcttftT 5 MIXiaT***** - k 5.^ 
OtttUftftttP b **— /<U-f OjRftUftttfc LT^JJTC 
B i*^Wc*^"CI4«rt*ttk»««ttflUt 
tc^-^-S . (1 L ; 5 «»XfeU:jRDl^* k fiWl^ft 
U ttB&b^TirS. Cu3RfcL<(iAl*-r^0ilS 

**i**«->-f * t <ot'ia^< /sea^ tot c 

bifiX-hb. 

[00 1 23 ±feoi 3 izHfiZm-f bfcfttzit. m 

tuarmxttB imsuto^tfktt-zumi-bzbtf 

ifflA: XfyAArtiyM: 5 0~2 5 0m 1/»J ■/ h 
1U. jif>Afr*ymt'A-?A : 5 0— 2 5 0m 1 / 'J 
•yh;k j3-t7h-yk0. 5 — SOs/Ovhlls 
S&E : 2 5*C 

mw€t-a:0- 5-5. OA/dm 2 
®> ^ y^/u* VBSS B 

itiffltii: *fy*iirty&: 5 0— 200m l/y y ^ 

/I/. ^^y7^*yBt'7v7^ : 5 0—2 5 0m 1 / 'J 



(4) 001-20955 (P2001-20 9JL 



0. 5~5 0g/U -/WW 

mm : 2 5«C 

Ho5S5S:0. 5-5. 0A/dm2 

wm® 

iSSSffc : ; 5 0-1 2 0 m l /U •/ Wk BiKt'X 

;U7x-/PX— r;U: 0. 5 — 5 0 g/'J v Nk 
mm : 2 5-C 

mSl*S:0. 5~5. 0A/dm2 
[00 13] 

(SPCC. 11$ 1mm) 
•f^OUSS: Cu-Sn-Ag^ (R#HSf*&l«&?B 
0795693AL) 

/\'W : /?3 6*tm<0^B i 
[ 0 0 1 4 ] aSK^frliWT^t WhiK. 

mm : rauMtfAKiMS < 0 1 #ss > 

jfOilJg: 6. 6m/t(3000rpm, 02#ff3) 
UlSSiS : #S«lt (02#M) 
IttS^tffi: 04 2 mmxw 1 7mm 

: S5 5C (filAft) 
flffiMh 7. 5W-30SE 
tetftSS: 12 0-C 

tamna : 2 5 h 

1 0 0 1 5 j &fii&<£fif^«g£si-0 1 ta^x . 1 

2Ji>-^7M£S(fti-£*li5. 3H3* 
y^D y h\ 4liffi^$4T-£>£xi'7k 4ali 

ICS* k «mttJKSrft 6 - k * . 
(00 1 6] HMWl-3&tfJt8c<*y4~6tf>B itf>-? 
«JI&ZfB iiSJfcrXHElflf (CukalS) LT3**>fc 
I tbfc i]<rB3 (411) (c^f. Lfc*^T. (01 
2 ) St ¥ffi$r (024) a^EWfSMEttW**^ - *" * 

Icoizii&SA*. Xi£OftA^£#*>flH§T-®&?>$ 
eiuMj«I|oink*"''C^». 

(Q) I&M5U ( 104) #fii#5. 2 2i5§Kg(*J 



(A)tt«m4'CttI[iMl. IllUI. 1 C 202J • I 

tue) . I (in) .W^I Cito *9MMc*3 <*-»TV* 
fcftftr. (012) «ErtJWIH»fc!*<*-»'C<'**. 
tt«W5T-«i I ,„4j i: I (30O* 1 1 ton) tKLT 5(S 

(104) (300) O-O^ffi^fflCflbfeE^LT 

(-) flilflll-SttJJWifi 1 (a) *S«ktf (b) £i?t 

«rVW ( a ) *<3£J£S*U «felc ( b ) fciSffiftll 
fflffiOS 1 3 flLhfc WCft •? » ftj£frfc*)ffi*flt#ffi 
J^fflLTV^vlfc *lTtt<01 
2} <03^ (0 12) <03fiK2rli:UTlWUTV>4 
^fffi=5: (024) fl)5ME*lfcLTlt«UTfcH« 

[00 17] Itftm Otto **n&ft*l94(c. X8 
BWfSB (»3lWt^fcr4ai«ir*5H> £05fc?n 
U £rt:it«i094<Otf>-o££ffiffi8£06(;:. X&Etf 

£fcii^6c^o&3lWlflia£08(;:^Lfc. tto£ 
««3ttOKfitiilttMltf2. 8 um. JtWJ4* t 5. 
8jzm, ifc«ffil6*«l 0. 6umVbiti. KKOIM 
£03 <«1 ) a^@9(c^-f. Srfcs 
*>W«:L"CJIWBttPbJfciw<CM (Snl0%, I 
n 1 0%<om&F-t) <OitS5CTSr09tc^-f. ZtihO 
0J: D^RQittXttffil 1 -3J2itWJ4-6 x ym&fi 

«<ottKT , <b Sit tfWbfrX'h s . 

[0018] 
[0BffOfB#5rSiBJ) 

[s i ] mmmms®m<»&$mx'h2> . 
[02] asift^ass»i8<oii£^ v - y 
yx'hi. 

[03] j*»«at/tt»IHK:l3lt*«)->*JiOS9- 
(*1 ) -C'3>S. 

[04] ^t£CTiwrto^asiaa^-r^aT'*> 
4. 

[05] iiMfm<^^£Jf^x&[iiifrtrc'£>s. 
4. 

[07] itmt4<0#>^2l9nX.&@1lT&X't)Z>. 
[08] Jt«CT6tf>rt-7**a»»3r^-r5WCft 

[09] mmwmmn&sm&T*-???? 

X'hh. 
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[07] 



<ZIQ> !8 



<L\Z> 19 
<0 ZZi6li> !B 

<HZ> 18 



<gl> ig 
no <^ 
< D0£> Ifl 
<*W> !9 



<HH> !Q 
<2Zi> ii 



BOP !H 

!fl— S 



<flH>Ji 



8 



§ 

s 



no 




<DIL> 
O0l> 



l> !fli 



si 
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[08] 



10.6 //m 



<72>«g» ilPO 



(72) »9J# 3S*T #f§ 

F?-A(##) 3J0U QA03 S803 SB20 
3J033 M02 GA07 
4K023 AA22 AB49 BA29 CB13 CB33 

DA07 D.408 
4K024 AA01 AA14 AB01 AB02 BA06 

BA09 BB05 CA01 CA04 CA06 

GA16 



